that model was necessary to be used to estimate the number of HIV infections and the number of AIDS patients in order to control the epidemic's development effectively and allocate health resources rationally. And then, selection of suitable and convenient estimation and forecast models was particular necessary.
To further understand the current situation of China's HIV/AIDS epidemic, estimate and forecast the development trend of the epidemic, allocate health resources rationally, and provide basis for developing strategies for HIV/AIDS control and prevention, Spectrum 6 was used to estimate the AIDS epidemic and predict the epidemic trend in the next 5 years in Beijing and Hunan Province with the results reported below.
MATeRIAls And MeThOds

Materials
Routine monitoring data HIV/AIDS epidemic data in Beijing was from the Beijing Center for Disease Control and Prevention by sentinel surveillance including injecting drug users in Beijing (2000 Beijing ( -2010 , MSM (2004 MSM ( -2010 , commercial sex workers (1997 -2010), clients (2004 -2009), and maternal outpatient (2004 -2009) . HIV/ AIDS epidemic data in population was from the Hunan Center for Disease Control and Prevention by sentinel surveillance including injecting drug users (1998 -2007) , MSM (2003 -2009), commercial sex workers (1999 -2009) , and the general population (2002 -2009) . Literatures Beijing Statistical Yearbooks and related literatures published publicly about the HIV/AIDS infection and HIV high risk populations in Beijing were used, such as HIV prevalence rate among clients was from the literatures based on monitoring data targeted Beijing clients population;
7 HIV prevalence rate among general population was from literatures based on large-scale non-related detection implemented in Beijing. [8] [9] [10] [11] Hunan Statistical Yearbook and literatures and published publicly about the HIV/AIDS infection and HIV high risk populations in Hunan province were used, including injecting drug users, sex workers, clients Total  Male  Female  Total  Male  Female   1985  0  0  0  0  0  0  1986  6  5  1  6  5  1  1987  7  6  1  0  0  0  1988  13  11  2  6  5  1  1989  13  11  2  0  0  0   1990  21  17  4  7  6  1  1991  27  22  5  8  6  2  1992  35  28  7  8  6  2  1993  50  40  10  15  12  3  1994  72  57  15  23  18  5  1995  138  108  30  68  53  15  1996  214  166  48  77  59  18  1997  337  259  78  125  95  30  1998  545  416  129  213  161  52  1999  841  638  203  303 and part of the general population's HIV prevalence data. 12, 13 In addition, demographic information such as total fertility rate each year, the annual agespecific fertility rates, the annual sex ratio at birth, life expectancy of men and women each year, the life table models in this study was from the data reported in "World Population Prospects (version 2008)".
Methods
HIV prevalence rate estimation
HIV prevalence rate used in Spectrum was estimated by Estimation and Projection Package (EPP) in previous study. 14, 15 Before HIV prevalence rate estimation, total population aged over 15 years in Beijing and Hunan province was calculated by accounting for the proportion of population with 15 to 49 years old in the population aged over 15 years. female age-specific population in the initial forecast year, the annual total fertility rate, the annual agespecific fertility rates, the annual sex ratio at birth, life expectancy of men and women each year, life table model, men and women net flow population and so on. Among them, age-specific populations of Beijing in 1982 were calculated based on the third population census and age-specific rates from Beijing population sample survey in 1987. Age-specific populations of Hunan province in 1982 were calculated based on the third population census and age-specific rates from Hunan population sample survey in 1991. The other indexes were from the reference of the model ever being used as United Nations "World Population Prospects (version 2008)".
HIV epidemic and treatment demand evaluation Spectrum (Version: 3.54) was applied to estimate and predict HIV/AIDS epidemic and treatment demand in Beijing and Hunan Province. Spectrum was a policy models with demographic projections as its core, meanwhile including forecasting and analysis of other modular. AIM module was used in this study to estimate the HIV/AIDS epidemic and forecast the impact. Based on demographic projections, AIM module read the infection rate's predictive value from the EPP and combined with data on HIV incidence and death to estimate HIV infection. Quality Control Surveillance data from Beijing and Hunan CDC and publicly published literatures were integrated to be used, taking high priority on literates and sharing the same field with this study, if still not enough, referring to the relevant provinces in China, with reference to foreign data if necessary. Assurance of the data's authenticity, combined with best fitness to the model's characters, in order to improve accuracy of the results.
ResUlTs
Overall estimation on the hIV/AIds epidemic in Beijing with spectrum Overall estimation results on HIV/AIDS epidemic in Beijing was shown in Table 1 . Very few HIV infections emerged every year before 1994, with HIV infection increasing slowly. Since 1995, the number of HIV infections was increasing rapidly and reached a peak Overall estimation on the hIV/AIds epidemic in hunan Province with spectrum Overall estimation results on Hunan's HIV/AIDS epidemic was shown in Table 2 . As shown in Figure  3 and Figure 4 , very few HIV infections emerged each year before 1997, with existing HIV infection increasing slowly. Since 1998, the number of HIV estimations on AIds treatment demand in Beijing with spectrum Estimations and projections of HIV infections in each age group and its need for HIV-infected antiretroviral therapy were shown in Table 3 . HIV epidemic trends among groups with age of 15-49 years old and adult population age above 15 years old were broadly consistent with the model's estimation in Beijing, while the group aged 15-24 years showed a little different that number of HIV infections remained at level of 1,400 to 1,500 after 2008; HIV infections among groups aged 15-49 years and adults over 15 years old who need antiretroviral treatment were growing at a lower level before 2008. After that, the number was rapidly increasing and over 1500 in 2009, over 2,000 in 2011; HIV infections in need of antiretroviral treatment among groups aged 15-24 years would continue to increase by 2010 and reached a peak in 2010 (1265), then decreased rapidly, and maintained at a lower level after 2011 ( Figure 5 ). As shown in Table 4 and Figure 6 , the cotrimoxazole and antiretroviral treatment requirements for HIVinfected children under the age of 14 years old increased gradually in Beijing and no clear slowing As shown in Table 6 and Figure 8 , the cotrimoxazole and antiretroviral treatment requirements for HIVinfected children under 14 years increased gradually in Hunan Province and no clear slowing trend showed as time goes on. There would be nearly 600 children under 14 years old in need of receiving antiretroviral therapy by 2015. Requirement of antiretroviral treatment for PMTCT was growing rapidly before 2006, and after that with a slowing growth period, rapidly increasing 
dIsCUssIOn
Characteristics and application of the spectrum Spectrum used for estimating and projecting the HIV/ AIDS epidemic was developed based on Epimodel by WHO and UNAIDS at the beginning of this century.
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Spectrum was a statistical prediction model based on demographic statistics, and AIDS Impact Model was one of its modules mainly used to perform HIV/AIDS epidemic estimation and projection. Spectrum can read the estimated HIV infection results from EPP model and workbook model, combined with epidemiological study data on HIV incidence and death, based on demographic model DemProj, to estimate the number of HIV infections, AIDS cases and deaths. 16 Estimation results of Spectrum depended not only on the accuracy of estimated HIV infection rate, but also on the results of demographic projections. If demographic indicators available were accurate and enough, then the predictions would be more accurate.
Spectrum was based on population growth projection and combined with the epidemiological characteristics of HIV infection and estimated infection rates from other model, to calculate HIV infection and its further impact on the social and economic. The model could work out lots of helpful indicators, including number in need of treatment (including adults, PMTCT, child), the estimated treatment cost, the estimated number of orphans caused by AIDS, the number of TB/HIV, providing a basis for decisionmakers.
16
Spectrum's estimation on HIV/AIDS epidemic was based on demographic projections model, which was a policy model with its analysis results including no contents on transmission mode and epidemiological characteristics, etc., with the content of AIDS epidemic development process missing either, providing no guidance for preventive interventions. Result of the model was mainly used for analyzing the impact of AIDS epidemic on socio-economic and providing basis for budget development and policy adjustment.
estimates and projections of hIV/AIds epidemic with spectrum in Beijing and hunan Province Estimation and projection results on Beijing's HIV/ AIDS epidemic showed that very few HIV infections emerged each year before 1994, with existing HIV infection increasing slowly. Since 1995, the number of HIV infection was increasing rapidly and reached a peak by 2008, and then decreased by 2012, after that increasing again rapidly. Male to female ratio in HIV infections gradually decreased. HIV infections among groups aged 15 -49 years and adult aged over 15 years who need antiretroviral treatment was growing at a lower level before 2008. After that, the number was rapidly increasing. HIV infections in need of antiretroviral treatment among group aged 15 -24 years would continue to increase by 2010 and reached a peak in 2010, then decreased rapidly and maintained at a lower level after 2011.
The results showed that the overall presentation of the HIV/AIDS epidemic in Beijing appeared as an "S" shaped curve, featured with infections dominated by men, and remained at a lower level in all. Since 1998, HIV/AIDS epidemic entered into a rapid growth period, and slowed down after 2008, with new infections beginning to decline after 2012 and the existing infections beginning to decline by 2017. Estimation and projection results on Hunan's HIV/ AIDS epidemic showed that HIV/AIDS epidemic was in a rapid growth period, with infections dominated by men, and remained at a lower level in all. HIV/AIDS epidemic in Hunan Province began to enter into rapid growth period in the late 1990s and slowed down after 2007, increasing rapidly again after 2010.
Results showed that very few HIV infections emerged each year before 1997, with existing HIV infections increasing slowly. Since 1998, the number of HIV infections was increasing rapidly and reached a peak by 2004; there was a brief plateau period from 2003 to 2006; after that, the number of new HIV infections increased rapidly. Male to female ratio in HIV infections gradually decreased. However, the proportion in the new infections increased.
HIV/AIDS epidemic in Beijing was in a relative stable period after experiencing a rapid growth at early phase. Recent studies showed that HIV transmission mode in Beijing had transformed gradually from injecting drug use at early phase to sexual transmission with high percentage among homosexual population, 17, 18 implying that the focus on high-risk interventions in Beijing should shift to special populations. The HIV/ AIDS epidemic in Hunan Province was in rapid growth phase after experiencing a slowdown period, which showed that the HIV/AIDS prevention and control in Hunan Province had a long way to go in the new future, especially for controlling its rapid growth trend.
estimations and projections of AIds treatment demand in Beijing and hunan Province with spectrum Estimations and projections of HIV infections in Beijing showed that HIV infections among groups Consistent with the changes in HIV/AIDS epidemic trend, AIDS treatment needs in Beijing experienced a rapid growth period into a relatively stable period, while the demand for AIDS treatment in Hunan Province just showed the opposite, which implied that measures should be taken for Hunan Province to control the HIV/AIDS epidemic, meanwhile, prepared for AIDS treatment demand, including increasing the funds and adjusting related strategies for HIV/AIDS control and prevention and so on.
In general, the HIV epidemic situation will be in a stable condition and be growing rapidly in Beijing and Hunan Province, respectively, which means the intensity of HIV preventive measures in Hunan Province should be strengthened. In order to reduce HIV spreading in high risk populations, the use of condoms in MSM and FSW populations and the range expanding of needle exchange and methadone maintenance treatment should be carried out. In the next few years, the need of HIV treatment will be increasing both in Beijing and Hunan Province. Especially in Hunan Province, the need is growing rapidly. This is a great challenge to health care system. It requires not only adequate supplies of drugs but also well-trained medical workers. The early stages of HIV epidemic in Beijing and Hunan Province are similar, but the situation and need for treatment would go different in the next few years. It is the most important meaning of model prediction to estimate the epidemic changing beyond population composition, culture and social differences, and the guidance of health resource allocation is most needed.
